Abstract-Cytomegalovirus
I. INTRODUCTION

Cytomegalovirus (CMV) infection is one infections in
Toxoplasma, Rubella, Cytomegalovirus, and Herpes Simplex virus (TORCH) group [1] . CMV has latent ability inside the organism [2] . CMV infection spreads throughout the world where it is endemic and not depends on season. CMV infection cannot be cured because after infection the virus will stay for lifetime in that person. Therefore, CMV can always reactivate or become active again.
CMV spread can occur vertically or horizontally. Vertical transmission is transmission from a pregnant mother to her fetus [3] . Infections that occur in pregnant women are divided into two, namely primary infection and recurrent infections. Primary infection is an infection that attacks individuals for the first time. Recurrent or reactivation infections are latent infections that become active again [4] . Horizontal transmission is transmission that occurs through sexual intercourse, blood transfusion, tissue transplantation, urine and saliva.
CMV infection can cause systemic infections and attack various kinds of organs including: kidney, pancreas, digestive system, spleen, adrenalin, brain or central nervous system, salivary glands, throat, lungs, liver, and gallbladder. The vertical transmission can cause the fetus to experience developmental disorders (mental retardation), enlarged liver, brain calcification, deafness, and blindness. This infection can cause fetal death in the uterus. The danger of horizontal transmission is that interstitial pneumonia is the main cause of death in bone marrow transplant recipients [5] .
The impact of this dangerous CMV requires action to control its spread so that it can be minimized and not spread widely. However, until now, drugs to cure CMV or drugs to kill this virus have not been found. CMV infection depends only on the immune system. Therefore, it is necessary to increase awareness of the danger of CMV to someone who is at high risk of contracting CMV.
Mathematical models are tools that help describe reallife phenomena in the form of mathematical functions or equations in order to obtain a more precise understanding of these real-world problems [6] . This research is expected to provide information about CMV transmission as well as factors that can make CMV infection increase.
II. METHOD
This research is basic research using descriptive method. The method used is the analysis of theories relevance with the problems and based on the study of literature. To complete this model, we first study the phenomenon of CMV transmission, and then determine assumptions in the formation of a mathematical model for CMV transmission. After that, we define parameters and variables used in this model, constructing the model, and analyzing and interpreting the behavior of analytical and numerical solution.
III. RESULT AND DISCUSSION
A. CMV transmission model.
In the formation of the CMV model, we use previous model [7] as a starting point. The population is divided into three groups, namely: S: Population of individuals susceptible to CMV E: Population of exposed individuals (infected, but the virus are not active yet).
I: Population of individuals infected with CMV and the virus is already active.
There are several assumptions in the formation of this CMV transmission model, namely:
1. The natural death rate of each compartment is constant and equal. 2. There is no difference between newly infected individuals and those who have long been infected, all individuals who come into contact with infected individuals enter the exposed stage first. 3. Death in exposed population is very rare, so it is assumed that individual death due to CMV infection only occurs in infected population. 4. Individuals in exposed class become infected at a constant rate of change.
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So that the mathematical model of CMV distribution in the form of a nonlinear differential equation system is obtained as follows:
The change in the number of individuals from the three compartments is influenced by factors: α : birth rate β : rate of CMV transmission due to contact between infectious and susceptible individuals : natural death rate d : CMV-related death rate k : rate of individual change from individual compartment E into compartment I f : rate of individual change from individual compartment I into compartment E m : probability of newborn without CMV infection.
Using all those assumptions, the transmission of CMV can describe like figure 1. The system (1) is then scaled with N to simplify the analysis. The proportion of individuals in each group can be stated as follows:
Since total population is not constant, we use the following derivative rules: (5) is a nonlinear system resulted from the transformation of the SEI model (1).
B. Basic Reproduction Ratio
The basic reproduction ratio 0 R can be determined using the formula [8] :
C. Qualitative Analysis
To understand the long-term behavior, we want to describe the dynamical behavior of the model by finding the fixed points and their stability [9] . We get two fixed points of the model, namely virus free and endemic fixed point.
1) Virus-free point
This point represents a condition where there is no more transmission of infection in the population, or when
2) Endemic point
This point represents condition where there always be transmission of infection in the population, or when 0  i .
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Using these equations:
we get the Jacobian matrix for the system is
The eigenvalues for this Jacobian are
and from the second term that we can write as 0 
The dynamical behavior of the systems showed in Figure 2 confirm that the virus-free point is stable.
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Trajectory of i(t) Trajectory of e(t)
Trajectory of i(t) Fig. 3 . Trajectories of system when 0 R >1
CONCLUSION
Based on qualitative analysis and numerical simulation, it can be concluded that the mathematical model of CMV with vertical transmission and mortality factors is in form of SEI model has two fixed point which theirs stability depends on the basic reproduction ratio. The factors that dominantly affect the increasing number of CMVinfected individuals are rate of CMV transmission due to contact between infected individuals and susceptible individuals and rate of change from exposed to infected compartment.
